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Abstract
According to the cosmological model without singularity, there are s-matter and v-matter which
are symmetric and have oppose gravitational masses. In V-breaking s-matter is similar to dark
energy to cause expansion of the universe with an acceleration now, and v-matter is composed of v-
F-matter and v-W-matter which are symmetric and have the same gravitational masses and forms
the world. The ratio of s-matter to v-matter is changeable. Based on the cosmological model, we
confirm that big bang nucleosynthesis is not spoiled by that the average energy density of W-matter
(mirror matter) is equal to that of F-matter (ordinary matter). According to the present model,
there are three sorts of dark matter which are v-W-baryon matter (4/27), unknown v-F-matter
(9.5/27) and v-W-matter (9.5/27). Given v-F-baryon matter (4/27) and v-W-baryon matter can
cluster and respectively form the visible galaxies and dark galaxies. Unknown v-F-matter and
v-W-matter cannot cluster to form any celestial body, loosely distribute in space, are equivalent
to cold dark matter, and their compositions are unknown. The number in a bracket is the ratio of
the density of a sort of matter to total density of v-matter. The decisive predict is that there are
dark celestial bodies and dark galaxies. The energy of F-matter can transform into the energy of
W-matter by such a process in which the reaction energy is high enough.
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I. INTRODUCTION
Mirror matter as dark matter has been presented[1]. In order that the model is consistent
with the standard cosmological framework, the model ascribes the macroscopic asymmetry
of the universe to asymmetric initial conditions of matter and mirror matter[2]. However,
when temperature is high enough, the expectation values of all Higgs fields are zero so that
the static masses of all particles are zero, and all particles can transform from one into
other. Consequently the energy densities of two sorts of matter must be equal if both are
symmetric so that their degrees of freedom are equal to each other. Thus the asymmetric
initial conditions make one to be uncomfortable.
A quantum field theory without divergence has been constructed which can obtain all
results of the given quantum field theory and in which there is no divergence of loop-
corrections and the energy of the vacuum must be zero without normal product[3]. There
must be two sorts of matter in this quantum field theory. The two sorts of matter are called
F −matter and W −matter, respectively. F −matter and W −matter are symmetric, and
there are only gravitation and very weak interaction by Higgs bosons in low energy between
both. F−matter forms the given world andW−matter is dark matter for a F−observer[4].
This model of dark matter is equivalent to the model of mirror matter as dark matter.
A cosmological model without singularity has been constructed[5]. The model can well
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explain evolution of the universe, formation of large scale structure and the features of huge
voids, naturally determines the cosmological constant to be zero, has no singularity and
gives some predictions. Based on the cosmological model, we will see in the present paper
that the average density of W −matter may be equal to that of F −matter. The average
density of dark matter is the 23/4 times of that of visible matter, because dark matter is
composed of W −matter and a part of F −matter.
Second 2 discusses that the average density of W-matter is equal to that of F-matter.
Second 3 discusses the sorts and average density of dark matter. Second 4 the interaction
of F-scalar fields and W-scalar fields. Section 5 is the conclusions.
II. THE AVERAGE DENSITY OF W-MATTER IS EQUAL TO THAT OF F-
MATTER
According to the cosmological model without singularity, the space evolving equations
are[5]
·
R
2
(t) +K = η [ρv + Vv(̟v) + V0 − ρs − Vs(̟s)]R
2 (t) = η
(
ρg + Vg
)
R2 (t) , (1)
··
R(t) = −
1
2
η [(ρv + 3pv)− 2 (Vv(̟v) + V0)− (ρs + 3ps) + 2Vs(̟s)]R (t)
= −
1
2
η
(
ρg + 3pg − 2Vg
)
R (t) , (2)
where ω = Ω, Φ, and χ, η ≡ 8πG/3; ρv and ρs are the mass densities of v − matter and
s − matter (here c = 1), respectively; Vv and Vs are the densities of v − Higgs potential
energy and v−Higgs potential energy, respectively. the curvature factor K is a function of
the gravitational mass density, and
ρg ≡ ρv − ρs, pg = pv − ps, Vg = Vv(̟v) + V0 − Vs(̟s). (3)
1 ≥ K > 0 for ρg > 0, K = 0 for ρg = 0, 0 > K ≥ −1 for ρg < 0. (4)
In V − breaking in which the expectation values of v−Higgs fields 〈ωv〉 ≡ ̟v = 0, and the
expectation values of s−Higgs fields 〈ωs〉
′ ≡ ̟′s 6= 0, the gravitational mass of v −matter
is positive and the gravitational mass of s−matter is negative.
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When temperature rises to the critical temperature Tcr because space contracts
[5], ̟v =
̟s = 0, ρv = ρs, Vv(̟v) = Vs(̟s) = 0 so that
·
R
2
(t) = −K + ηV0R
2 (t) , (5)
··
R(t) = −ηV0R (t) < 0. (6)
There is the highest temperature Tmax at which
·
R = 0, R (t) = Rmin ≡
√
K/ηV0 and space
inflation must occur.
V −matter is composed of v−F −matter and v−W −matter, s−matter is composed
of s−F −matter and s−W −matter. F −matter and W −matter are symmetric so that
divergence of loop corrections is eliminated and the energy of the vacuum is determined
to be zero. There is only the gravitation and the interaction by Higgs bosons between
F − particles and W − particles. The interaction by Higgs bosons can be ignored when
temperature is low because the masses of the Higgs bosons are all very large. Consequently
W − matter is regarded dark matter relative to F − matter, and vice versa. These are
the necessary inferences of the quantum field theory without divergence[3]. F −matter and
W −matter correspond to ordinary matter and mirror matter in Ref[1,2], respectively.
The state with T ≥ Tcr is such a state with the highest symmetry. ρsF = ρsW = ρvF =
ρvW and TsF = TsW = TvF = TvW = T in this state because F −matter and W −matter are
symmetric and can transform from one into another, s−matter and v−matter are symmetric
and can transform from one into another, and the thermal equilibrium can realized due to
·
R ∼ 0 when T ≥ Tcr.
After space inflation, reheating process occurs. After reheating process, the potential
energy density transforms into ρ′v = xV0 and ρ
′
s = (1− x) V0. ρ
′
v > ρ
′
s because 〈ωv〉 = 0 −→
〈ωv〉0 6= 0, 〈ωs〉 = 0 −→ 〈ωs〉0 = 0, Vv = 0 −→ −V0 and Vs = 0 −→ 0
[5]. Thus, after
reheating process, the evolving equations become
·
R
2
(t) +K = η [ρvF + ρvW − ρsF − ρsW ]R
2 (t) = η [2ρvF − 2ρsF ]R
2 (t) , (7)
··
R(t) = −η [(ρvF + 3pvF )− (ρsF + 3psF )]R (t) , (8)
Here we still denote ρ′v + ρv and ρ
′
s + ρs by ρv and ρs, respectively, for convenience.
It is seen from (4) and (7) that in contrast with the conventional cosmological models,
although ρvF = ρvW , the
·
R
2
(t)+K cannot doubled because of ρs = ρsF +ρsW . Consequently
the big bang nucleosynthesis cannot be spoiled by ρvF = ρvW provided ρs is suitably chosen.
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For example, if ρs = ρvW in the stage of the big bang nucleosynthesis, the evolving equations
(7)− (8) become
·
R
2
(t) +K = ηρvFR
2 (t)
··
R(t) = −
1
2
η (ρvF + 3pvF )R (t) ,
This is consistent with the conventional theory.
III. THE SORTS AND AVERAGE DENSITY OF DARK MATTER
Recent astronomical observations show that the universe expanded with a deceleration
early and is expanding with an acceleration now. This implies that there is dark energy[6].
ρde/ρtot = 0.73, ρM/ρtot = 0.27, ρM = ρVM + ρDM , ρVM ∼ ρB, ρDM/ρtot = 0.23 and
ρB/ρtot = 0.04, here ρde is the density of dark energy, ρtot is the density of the total energy of
the universe (c = 1), ρVM is the energy density of visible matter, ρDM is the energy density
of dark matter, and ρB is the energy density of visible baryon matter. According to the
cosmological model without singularity[5], in the V − breaking, the effects of s−matter are
equivalent to that of the so-called dark energy, and ρv = ρM . According to this dark-matter
model [3, 4], because of the symmetry of F −matter and W −matter, we have
ρM = ρv = ρvF + ρvW = 2ρvF , ρB = ρvFB,
ρvF = ρvFB + ρvFu, ρvW = ρvWB + ρvWu,
ρvFB = ρvWB, ρvFu = ρvWu, ρvD = ρvFu + ρvW = ρDM , (9)
where ρv is the total energy density of v −matter, ρvF and ρvW are respectively the energy
density of v − F −matter and the energy density of v −W −matter, ρvFB and ρvWB are
respectively the energy density of v−F − baryon matter (v−FBM) and the energy density
of v−W−baryon matter (v−WBM), ρvFu is the energy density of unknown v−F−matter
(v − UFM), ρvWu is the energy density of v −W −matter (v − UWM) corresponding to
v − UFM, and ρvD is the total energy density of invisible v − matter. Here v − FBM is
the given and visible matter which contains given baryon matter, black holes and neutrinos
etc., F − matter contains v − FBM and invisible and unknown v − UFM . Considering
ρvF = ρvW because F −matter and W −matter are symmetric and can transform from one
into another when temperature is high enough, we can determine the ratios of a density to
another.
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ρvF
ρvW
=
0.27/2
0.27/2
= 1 =
ρvFB
ρvWB
=
ρvFu
ρvWu
, (10a)
ρvFB
ρv
=
ρvWB
ρv
=
0.04
0.27
=
4
27
, (10b)
ρvFu
ρv
=
ρvWu
ρv
=
0.27/2− 0.04
0.27
=
9.5
27
, (10c)
ρvD
ρv
=
ρvW + ρvFu
ρv
=
23
27
, (10d)
ρvD
ρvFB
=
0.27/2 + 0.095
0.04
=
23
4
. (10e)
Thus, according to the present model[3], there are three sorts of dark matter which are
v−UFM, v−WBM and v−UWM. Given v−FBM can cluster and form visible galaxies.
v −WBM can cluster and form dark galaxies. v − UFM and v − UWM cannot cluster
to form any celestial body, loosely distribute in space, and their compositions are unknown.
ρvWu/ρvFu = ρvFB/ρvWB = 1 is invariant because of the symmetry of W − matter and
F −matter.
According to the cosmological model without singularity[5], there are s − matter and
v − matter which are symmetric and repulsive each other. In V − breaking, v − SU(5)
breaks into v − SU(3) × U(1), v − FBM forms the visible world, v −WBM, v − UFM
and v − UWM form the dark-matter world; s − SU(5) does not break, all s − particles
form s − SU(5) color single states which loosely distribute in whole space and cause space
to expand with an acceleration in the present stage. This is because there is no interaction
similar to the given electroweak interaction among the s− SU(5) color single states[5].
ρs/ρv is changeable as space expands
[5] because ρvM ∝ R
−3, ρvγ ∝ R
−4, and ρs = ρsM ∝
R−3. Here ρvM and ρvγ are respectively the energy density of massive v − particles and the
energy density of massless v − particles, ρs is the energy density of s− SU(5) color single
states. The masses of all color single states are not zero, hence ρs ∝ R
−3.
IV. THE INTERACTION OF F-SCALAR FIELDS AND W-SCALAR FIELDS
The Ref. [7] given the interaction of F − scalar fields and W − scalar fields
V = −
2A
225
TrΦ2fTrΦ
2
w, (11)
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where Φf and Φw are the 24 representation of SU(5) group. The breaking component is
Φi = Diagonal
(
1, 1, 1,−
3
2
,−
3
2
)
(σi + ϕi) , (12)
where the subscript i = f, w. From (11)− (12) we obtain
Vfw = −A
(
2σfσwϕfϕw + σfϕfϕ
2
w + σwϕwϕ
2
f +
1
2
ϕ2fϕ
2
w
)
. (13)
| σw |=| σf | because of the symmetry of s−matter and f−matter. Both σi and m (ϕi) are
functions of temperature T . When T ≥ Tcr, σi = m (ϕi) = 0. Consequently f − particles
and w− particles can easily transform from one to another so that ρF = ρW . When T ∼ 0,
both | σi |and m (ϕi) are large enough. Consequently interaction between f − particles
and w − particles by the scalar bosons may be ignored. Thus there is only the gravitation
between f −matter and w −matter when temperature is low.
There are the couplings of fermions (and gauge particles) and scalar bosons[7]. Hence
there are the interactions of f − fermions and w − fermions shown in figures 1-3 and
the interactions of f − gauge bosons and w − gauge bosons via the scalar bosons ϕf and
ϕw. In the figures the dotted lines with arrows denote W − fermion field ψw, the dotted
lines without arrow denote W − scalar field ϕw, the lines with arrows denote F − fermion
field ψf , the lines without arrow denote F − scalar field ϕf , M
2 = −2Aσfσw, Rf = −Aσf ,
Rw = −Aσw and S = −A/2.
It can be seen from figure 1 and (13) that when −Aσfσw > 0 and k
2 − m2 < 0 or
−Aσfσw < 0 and k
2 −m2 > 0, f − fermions and w − fermions are repulsive each other;
when −Aσfσw > 0 and k
2 −m2 > 0 or −Aσfσw < 0 and k
2 −m2 < 0, f − fermions and
w − fermions are attractive each other.
V. FEATURES AND OBSERVATION OF DARK MATTER IN PRESENT
MODEL
According to the present model[3,4], v−UFM and v−UWM cannot form cluster, loosely
distribute in space and have positive gravitational masses, hence both should be identified
as cold dark matter. From (10) we have
ρvFu + ρvWu
ρv
=
0.095× 2
0.27
=
19
27
,
ρvFu + ρvWu
ρvD
=
0.095× 2
0.23
=
19
23
. (14)
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FIG. 1: f + f −→ w + w realized by the tree digram.
FIG. 2: f + f −→ w + w realized by the two one-loop digrams.
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FIG. 3: f + f −→ w + w realized by the two-loop diagram.
It is seen that the present model cannot differ from the cold dark matter model by v−UFM
and v − UWM. W − baryon matter v − WBM can form clusters of dark matter and
dark galaxies[3,4]. There possibly are such celestial bodies which are composed of mixture
of F − matter and W − matter because both have positive gravitational masses. This
is a decisive predict of the present model and mirror dark matter model. Dark celestial
bodies flying to the earth are possibly detected by probing gravity-meters of clustering dark
matter[4].
It can be seen from (13) and figures 1 − 3 that the energy of F −matter can transform
into the energy ofW−matter by such a process in which the reaction energy is high enough.
VI. CONCLUSIONS
According to the cosmological model without singularity, there are s −matter and v −
matter which are symmetric and have oppose gravitational masses. In V − breaking s −
matter is similar to dark energy to cause expansion of the universe with an acceleration now,
and v−matter is composed of v−F −matterv and v−W −matterv which are symmetric
and have the same gravitational masses. The ratio of s−matter to v−matter is changeable.
Based on the cosmological model, we confirm that big bang nucleosynthesis is not spoiled
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by that the average energy density of W − matter (mirror matter) is equal to that of
F −matter (ordinary matter).
According to the present model, there are three sorts of dark matter which are v −W −
baryon matter (4/27) and unknown v−F −matterv (9.5/27) and v−W −matter (9.5/27).
Given v−F − bayon matter (4/27) can cluster to form the visible galaxies. V −W − bayon
matter can cluster to form dark celestial bodies and dark galaxies. Unknown v−F−matterv
and v−W−matter cannot cluster to form any celestial body, loosely distribute in space, are
equivalent to cold matter, and their compositions are unknown. The number in a bracket is
the ratio of the density of a sort of matter to total density of v −matter.
The decisive predict is that there are dark celestial bodies and dark galaxies. The energy
of F −matter can transform into the energy of W −matter by such a process in which the
reaction energy is high enough.
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